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Abstract
This study investigated how a treatment package of a modified task analysis and breathing
exercises affected post concussion syndrome related symptoms while performing daily tasks.
The participant submitted virtual surveys to collect self-reported brain injury related syptom data,
and the researcher used behavioral skills training to train the participant on all the procedures.
Using a reversal design, brain injury symptoms decreased and maintained at low levels during
intervention. Results demonstrated preliminary support for proof-of-concept on using applied
behavior analytic principles to decrease in variability and maintain covert brain injury related
symptoms and daily task performance.
Keywrods: brain injury, post concussion syndrome, applied behavior analysis, task
analysis, breathing exercise, treatment package
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Chapter 1: Introduction
Investigation of a task analysis and breathing exercise treatment package for mild
traumatic brain injury and post concussion syndrome
Traumatic brain injuries (TBI) affect over 1.5 million people in the United States
(Rutland-Brown et al., 2006). TBIs can occur from blunt force trauma to the head, such as a
motor vehicle accident, assault, or fall (Anderson et al., 2006; Heinicke & Carr, 2014; Langlois et
al., 2006). Mild traumatic brain injuries (mTBI) occur in about 130 per 100,000 persons (Spinos
et al., 2010). The Ontario Neurotrauma Foundation (ONF; 2018) defines a concussion or mTBI
as “the acute neurophysiological event related to blunt impact or other mechanical energy
applied to the head, neck or body (with transmitting forces to the brain), such as from sudden
acceleration, deceleration or rotational forces” (p. 1).
After blunt force trauma to the head, it is recommended for individuals to seek medical
treatment. The two most common imaging techniques doctors use for capturing injuries are
magnetic resonance imaging (MRI) and computerized tomography (CT) scans (Silver, 2014);
however, both usually fail to detect changes in the brain for mTBI injuries (ONF, 2018).
Concussion symptoms typically subside within the first couple of days or weeks from the injury,
but in some circumstances, symptoms continue, which is called post concussion syndrome
(PCS). One study found that PCS affects 10.3% of individuals at one month, 6% at three
months, and 0.9% at six months post injury (Spinos et al., 2010). Another study found that about
15% of mTBI patients had an incomplete recovery at six months post accident (Stranjalis et al.,
2008). Common symptoms categories reported by mTBI or PCS individuals include headaches
(Johansson & Ronnback, 2014b; Wilson & Krolczyk, 2006), sleep-wake disturbances (Silver,
2014; Johansson & Ronnback, 2014b), mental health disorders (Johansson & Ronnback,
2014a, 2014b; Silver, 2014; Silverberg & Iverson, 2013), vestibular and visual dysfunction
(Silver, 2014; Silverberg & Iverson, 2013), and fatigue (Cantor et al., 2013; Johansson &
Ronnback, 2014a; Silver, 2014).
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Some researchers hypothesize that the changes in the brain occur cellularly (Anderson
et al., 2006; Chen et al., 2003; Johansson & Ronnback, 2014b; King, 2003; Leddy et al., 2007;
Skau et al., 2019; Willer & Leddy, 2006), which may explain why MRI and CT imaging cannot
capture changes (Silver, 2014). MRI and CT imaging capture structural images of the brain.
Preliminary evidence suggests functional magnetic resonance imaging (fMRI), near-infrared
spectroscopy (fNIRS), and single photon emission computed tomography (SPECT) may detect
minute physiological changes after a PCS (Anderson et al., 2006; Chen et al., 2003; Jantzen,
2010; Skau et al., 2019; Willer & Leddy, 2006). FMRI and SPECT imaging capture functioning
of the brain, which may explain why evidence support these tools for locating changes in the
brain after a brain injury. Locating and understanding how the changes impact the individual are
important for treatment. Different areas damaged in the brain correlate with symptoms
experienced by the individual. Neurologists and other disciplines continue to investigate how to
assess and treat PCS cellular changes efficiently and effectively.
Currently, a multidisciplinary approach is considered the best treatment approach for
PCS (Bayley et al., 2014; ONF, 2018), but the specific disciplines involved may differ from caseto-case. The team coordinates together to help manage the patient’s symptoms and returning to
meaningful activities in the natural environment. Overall, it is recommended that the individuals
take time to cognitively rest (Anderson et al. 2006; Cantor et al., 2013; Valovich McLeod, 2010;
Persel & Persel, 2010). The resting consists of breaks intertwined with activity (King, 2003;
Silverberg & Iverson, 2013; Willer & Leddy, 2006). PCS individual may fatigue easily from
sensory stimulation, and other symptoms may increase without breaks (Johansson &
Ronnback, 2014b). Valovich McLeod (2010) suggests individuals refrain from activities
associated with mental exertion (e.g., using an electronic screen, listening to music, reading a
book or magazine) during cognitive rest periods.
Research supports mindfulness stress reduction techniques during rest periods to
decrease mental fatigue (Azulay et al., 2012; Berghoff et al., 2018; Johansson et al., 2012;
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Johansson et al., 2015a; Johansson et al., 2015b). The mindfulness techniques act as a
competing response or a distraction for covert behavior. Neurologists and psychologist support
the use of distraction and awareness training for PCS patients (Azulay et al., 2012; Berghoff et
al., 2018; Johansson et al., 2012; Johansson et al., 2015a; Johansson et al., 2015b), which
contain some components behavior analysts use for habit reversal therapy (HRT) in nervous
habit disorders (Bates et al., 2011; Freeman & Friman, 2004; Miltenberger et al., 1998). A
physiological response occurs for PCS when performing a task, and PCS patients need a
systematic approach to desensitizing and reintegrating activity. Over time, their tolerance to
performing tasks will increase with decreased or zero PCS symptoms.
Before taking breaks, the PCS individual needs to learn when to take them. Awareness
training teaches PCS individuals pre-cursor symptoms, or a discriminative stimulus (SD), on
when to take a break. SDs may differ from patient-to-patient, but healthcare professionals
recommend taking one while the individual can still manage their symptoms (ONF, 2018). If the
PCS patient waits for symptoms to become unbearable, they may risk impairing their functioning
for an extended period of time (ONF, 2018). Some PCS individual may engage in overt behavior
(e.g., crying) as their SD to cognitively rest, whereas others may engage in covert behavior
(e.g., dizziness, headache, fatigue).
Another challenge PCS individuals face include remembering all the steps to a task they
demonstrated mastery during pre-injury. Some PCS mentally fatigue when they continuously
need to stop to recall each step. This interrupts the flow of completing a task, which may trigger
PCS symptoms and increase the time it takes to complete the task. The antecedent strategy of
a task analysis (TA) could benefit PCS individuals by removing the cognitive drain of
remembering each step. One study used a self-administered TA to help a brain injury patient
identify and treat cold symptoms (O’Reilly & Cuvo,1989). Other strategies to minimize triggering
symptoms include finding alternatives to in person data collection, because sometimes
additional people present can trigger PCS for the individual. Maki et al. (2008) used self-
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recording and reinforcement to increase exercise in brain injury patients, and another study
used text message to collect real time PCS related symptoms (Suffoletto et al., 2013).
To the researcher’s knowledge, behavior analytic research has yet to examine the
combined affects of using a TA and breaks for PCS patients. Therefore, the purpose of this
study aims to investigate the effects a treatment package of a task analysis and relaxation
exercises on PCS symptoms during routine tasks.
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Chapter 2: Methods
Subjects and Setting
Participants were recruited via a local health care organization and various on-campus
offices at a mid-sized midwestern university. The organizational representatives posted on their
organization’s websites and/or social media a recruitment message for the study along with
emailing their subscribers. Participants were required to a) be 18 years of age or older, b) live
within 15 miles of campus, c) have a diagnosis of mTBI or PCS, d) have been discharged from
treatments at least six months prior to beginning the study, e) experience two or more covert
symptoms, and f) display at least one or more overt behaviors in related to TBI. Some examples
of covert symptoms included headaches, migraines, nausea, dizziness, fatigue, confusion, and
poor concentration. Examples of overt behaviors were crying, pausing, yelling, swearing,
rubbing face, and sighing.
One female, between the ages of 30 and 40, participated in this study. Daisy had a
diagnosis of PCS following several concussions from childhood up until the year before this
study took place. Daisy tried physical therapy, medication management, and chiropractic
alignment for her most recent head injury. She had stopped all treatment at least six months
prior to beginning this study. Daisy reported that she terminated all treatments abruptly, and that
she was not discharged by the providers. Training occurred in Daisy’s home. Weekly
questionnaires and treatment session surveys were completed using a smartphone. Check-in
sessions were completed over the phone.
Materials
Materials used were paper forms, electronic Qualtrics surveys, a modified breathing
exercise visual (Figure 1), and a modified task analysis (Figure 2). A dry erase marker was used
to mark the task analysis daily and then erased. The surveys were sent to Daisy’s smart phone
for her to take at predetermined times throughout the day.
Background Questionnaire
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The researcher asked both open- and closed-ended questions. First, the questions
covered demographic information. Next, the participant answered what treatments were tried
related to the PCS and the end dates for each. The participant was asked to list their brain injury
related symptoms and name up to five activities they struggle to complete (e.g., chores, grocery
shopping). Other questions included when their symptoms tend to increase and if they notice
precursor behaviors prior to the onset of their PCS related symptoms. Of the self reported
activities the participant struggled with, the participant was asked to rank their difficulty of
completion. Additionally, there was a separate family background survey that asked similar
questions. However, Daisy declined asking other persons about her post concussion related
symptoms.
Weekly Symptom Questionnaire
A weekly questionnaire was sent to the participant at the beginning of each week. There
were two sets of questions that asked the participant to rate each PCS symptom on a Likerttype scale of zero to five within the last seven days. The first set asked the participant to rate the
number of days each symptom was present. Zero represented the symptom was not present
and five was a constant presence every day. The second set of questions asked to rate how
each symptom impacted their functioning. Zero was not applicable and five represented an
impairment of functioning for 12 or more hours.
The weekly symptom questionnaire was assigned a numeric value for each Likert-type
scale response (i.e., 0=0, 1=1, 2=2, etc.). Values were then weighted. The first set of questions
were converted into number of days with the symptom present (0=0, 1=1, 2=2, 3=3.5, 4=7, and
5=7). Likert-type scale value four was weighted a seven, because the participant reported
having the symptom once per day. Likert-type scale value five was also weighted a seven,
because the participant reported having the symptom constantly every day. The second set of
questions were converted into number of affected functioning hours per day (0=0, 1=1, 2=2,
3=5, 4=8, and 5=12).
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Session Symptom Questionnaire
The session symptom questionnaire was similar to the weekly questions. Two questions
were asked for each symptom, which was presented on separate web pages. The first category
asked Daisy to use on to five Likert-type rating scale to report the number of hours each
symptom was present. The second category asked her to rate on a one to five Likert-type scale
how each symptom affected her daily functioning.
Sessions surveys were scored by assigning a numeric value to each response (0=0,
1=1, 2=2, etc.). Next they were assigned a weighted score that represented hours for each
symptom present (0=0, 1=1, 2=2, 3=5, 5=9, and 5=12). The same calculations were used to
convert the Likert-type scale points into hours functioning was affected by symptoms.
Morning Routine Survey
The morning routine survey included nine dichotomous questions related to completion
and non-completion of the task analysis. One question asked to check multiple boxes regarding
chore completion. The last question was a fill in the blank box to report the number of breaks
and minutes per break.
This survey was scored as percent of overall steps correct, steps correct relating to
herself, and steps correct relating to her son. Steps correct was calculated by taking the number
of steps correct, dividing it by the number of total opportunities, and multiplying it by 100.
Frequency of chores and breaks were also recorded.
Social Validity
At the end of the study, Daisy was texted a Qualtrics survey link to ask about her
experiences during the study. Questions included both short-answer and five-point Likert-type
scale questions.
Independent and Dependent Variables
This study used two independent variables, which included a task analysis and breathing
exercises during breaks. The dependent measures was scored on the percent of steps correct

12
on the task analysis. Qualtrics surveys measured self-reported symptoms along with the
frequency of breaks and chores.
Task Analysis
The task analysis broke down individual steps for Daisy’s morning routine on 8.5 in. x 11
in. laminated green paper. Each page displayed written and visual instruction (e.g., “Take meds”
with a clipart photo of a pillbox), with the exception of the chore section. This page was divided
into seven sections, one section representing each day of the week. Up to two chores were
dedicated to each day. The laminated paper allowed Daisy to write in any changes with a dry
erase marker. There was also velcro on each page for Daisy to flip up each page once she
completed the step.
Breathing Exercises
Daisy agreed to dedicate a space to take scheduled breaks during her morning routine.
She displayed the breathing exercise visual (Figure 1) in this space. The breaks consisted of
engaging in the breathing exercises, while she refrained from engaging in other activities.
Procedures
The participant met with the researcher to go over informed consent, additional observer
consent form, and background questionnaire for the first meeting. Daisy consented to research
assistants collecting data and declined for the researcher to involve family members or friends.
All of her data was coded with her assigned research number, which was stored separately from
any identifying information on a password protected electronic device. Consent forms were
stored separately under lock and key.
Daisy was able to complete all of the informed consent paperwork and most of the
background questionnaire with the researcher. The first session was terminated due to Daisy
engaging in overt PCS behaviors (e.g., pausing, face rubbing, incoherent speech, and crying).
The researcher did call her a couple days later to complete the questionnaire. She identified a
few areas of concern, such as personal hygiene, remembering routines, driving, household
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chores, paperwork, cooking, caring for pets, and grocery shopping. The researcher chose
Daisy’s morning routine to help with as many areas of concerns as possible.
An ABA’ withdrawal design was used, in which the A phase was baseline and the B
phase included the treatment package. The return to baseline was the removal of the task
analysis and no explicit instructions to take breaks or modify activities. The social validity
questionnaire was sent to Daisy after the study terminated.
Baseline
During baseline, Daisy received a series of three survey links that were texted to her
during predetermined times. The first one was the session symptom questionnaire. She was
instructed complete this survey at the beginning of her day and perform her morning routine as
per normal. The second, morning routine survey, was filled out after the morning routine. The
last survey was the exact same survey as the first, the session symptom questionnaire. The
researcher was not able to be present for any sessions, so all baseline sessions were based off
of self report.
Behavioral Skills Training
After baseline and prior to conducting the treatment, the participant partook in a training
session for both the task analysis and breathing exercises during breaks. Training sessions
were terminated if a) the participant reported their symptoms were too overwhelming to
continue, b) participant performed below 80% correct on three consecutive trials, or c) the
session timed out. If one or more of these criteria was met, the researcher scheduled an
additional training session.
The researcher began with awareness training, which was the explanation of
recognizing precursor overt behaviors to covert symptoms. The researcher went go over
examples based off of direct observations during the background interview. One example
included Daisy trying to make a sandwich for herself once the researcher arrived for their
background questionnaire meeting. She picked up one ingredient, set it down to pick up another
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ingredient, and repeated this for approximately 20-25 minutes. Once she sat down, she cried
and did not eat her sandwich. The researcher recommended that Daisy modified her activities,
and they discussed SDs for Daisy to take breaks. The researcher pointed out her overt behavior
of crying, inability to complete a task, face touching, and speech impairments.
Second, the researcher went over each step in the task analysis, role-played, and
provided feedback. The researcher and Daisy practiced two steps in the task analysis, where
she verbally stated what to do and flipped the page in the TA. Daisy did not need the researcher
to show her each step since she could already perform each step. Daisy demonstrated 100%
correct for both opportunities.
Third, the researcher taught the participant breathing techniques and when to use them.
The participant was asked to engage in breathing exercises during breaks, where she would
inhale and exhale for about four seconds each. The participant could chose to open or close
their eyes for the breathing exercises. The researcher asked the participant to refrain from
looking at her phone, reading, or coloring during the breathing exercises. A visual prompt in her
dedicated break area displayed the steps and items needed for the exercise (Figure 1). The
breathing exercise visual was printed on laminated green paper. The hat was to prevent her
from picking her scalp, and the squish ball was to give her hands a competing response. These
were scheduled twice during her morning routine. Again, they role-played and the researcher
provided feedback during this training. The participant completed training when she
demonstrated at least 80% success for two consecutive opportunities. Daisy received a paper
handout of highlights for the task analysis, the laminated task analysis, and a laminated
breathing exercise visual (Figure 1 and 3).
Treatment Package
The treatment package contained two components: the task analysis and breathing
exercises during breaks. The participant was given a task analysis of her morning routine that
she tacked up in her kitchen. The researcher instructed Daisy to use the task analysis to
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complete each step in her morning routine. The task analysis included two scheduled breaks
during her morning routine. Once each step was completed, the participant could flip the page
to go onto the next step.
During the breaks, she was instructed to take breaks in her dedicated break area and to
engage in the breathing exercises. The break area had a visual prompt to remind her of
materials and steps to complete the task. The researcher instructed Daisy to a) gather materials
needed, b) set timer for 10 minutes, and c) engage in the breathing exercises. She was also
instructed to refrain from engaging in other activities. Once the timer sounded, she flip the page
on the task analysis and continued with the following step until completion.
As in baseline, the researcher sent Daisy the session symptom questionnaire link to take
when she first awoke in the morning. The researcher sent a second link of the session symptom
questionnaire once Daisy finished her morning routine. The morning routine link was sent last.
The session symptom questionnaire took five minutes or less to complete, and the morning
routine survey took three minutes or less. Daisy spent approximately 10-15 minutes per session
filling out symptom questionnaires.
Return to Baseline
The removal of treatment phase was exactly the same as in baseline. The task analysis
was removed from Daisy’s home and given instruction to complete her morning routine. No
instructions were given on decreasing activities or taking breaks. The researcher sent session
symptom questionnaire and morning routine survey at approximately the same times and in the
same order.
Interobserver Agreement
Two research assistance (RA) helped score all of the surveys. The first RA had a
bachelor degree in psychology and scoring experience in an ABA focused school setting. The
second RA was in an undergraduate community psychology program. The researcher emailed
de-identified surveys to score. IOA for all surveys were 100% in agreement.
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Data Analysis
Data were graphed using Numbers and analyzed using visual analysis. Likert-type scale
points collected for each session were converted into the number of hours the participant had
the symptom present and the number of hours the symptom impacted functioning (1=1, 2=2,
3=5, 4=9, and 5=12). The before score was then subtracted from the after score. For example, if
the participant rated their headache a 1 at the beginning of the day and a 4 after completing the
task, the score would equal -11. Reported scored for weekly sessions were converted into days
(1=1, 2=2, 3=3.5, 4=7, and 5=7) and hours per day (1=1, 2=2, 3=5, 4=8, and 5=12). Symptoms
were then ranked by severity in baseline.
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Chapter 3: Results
Daisy reported in her interview questions that fatigue, nausea, dizziness, double vision,
and poor word recall significantly impacted her daily performance. The weekly symptom
questionnaire report reflected fatigue and poor word recall. She did report nausea, dizziness,
and double vision. However, these fell into the mild (one day per week) to moderate levels (23.5 days per week). The average days with symptoms per week (Figure 4) in baseline was 3.6
and an average of 5.0 hours per day. During treatment, the average days per week with
symptoms was 1.2 and an average of 1.4 hours per symptom. Using visual analysis, there were
no overlapping data points in baseline and treatment. In the return to baseline phase, scores did
return to baseline levels. She reported 3.2 days in one week with symptoms and about 4.9
hours per day with each symptom.
Fatigue, poor attention, poor word recall, poor memory, and headaches were the highest
reported for symptoms per day. However, her survey reports suggest fatigue, light sensitivity,
headaches, poor attention, and poor memory impacted her functioning the most compared to
other PCS related symptoms.
The session surveys (Figure 5) showed fatigue and blurred vision at starting high levels
(five hours with a symptom) during baseline. Poor memory, dizziness, light sensitivity, and
cognitive delay impacted her functioning the most at the end of her morning routine. These were
the symptoms that impacted functioning for 5 or more hours.
During treatment, Daisy reported no symptoms at or above five hours with an exception
to one session. This one session she reported a headache and light sensitivity prior to
completing her morning routine. She also reported that the headache did not impact her function
for this session, but the light sensitivity did. Two different treatment sessions she reported
impacted functioning for five or more hours for fatigue, light sensitivity, or poor attention. This
totals three out of ten treatment sessions that she experienced an impact of functioning for five
or more hours. The seven out of ten sessions she experienced two hours or less of symptoms
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that impacted her morning routine. Some symptoms were reported at zero levels after task
completion (e.g., blurred vision, numbness/tingling, migraine, and nausea to name a few).
Daisy scored an average of 71% correct (range 63-75%) in baseline for the total number
of steps. However, she completed 100% of the steps relating to her son and an average of 22%
(range 0-33%) of the steps relating to herself. This immediately increased after treatment
implementation to 88% of steps completed, where 100% were related to her son and 67%
related to herself. The following nine sessions she completed 100% of the steps both relating to
herself and her son. These percents remained at 100% with the task analysis removal.
The number of chores per day ranged from two to six and decreased to two or less
during treatment (Figure 6). Daisy also increased the number of breaks taken per day. During
baseline she took one 45 minute break, and in treatment she took one or two ten minute breaks
per session.
Daisy indicated on her social validity questionnaire that the treatment package was
overall very beneficial. She reported that she can complete most of her morning routine. Also,
survey data indicates her symptoms decreased since she began the study.
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Chapter 4: Discussion
Overall, preliminary evidence supported the use of a treatment package consisting of a
task analysis and breathing exercises in managing PCS-related symptoms for one participant.
PCS-related symptoms can significantly impact daily functioning (Anderson et al., 2006). In
Daisy’s case, she struggled to organize and execute her daily routine. She correctly performed
all the steps that related to her son across all phases; however, many times she did not
complete steps that related to herself in baseline and return to baseline phases. Her son likely
prompted her to complete steps that related to him (e.g., asking her to make him breakfast).
This suggests that the issue is not a skill deficit or physical limitation for completing her morning
routine, but rather one of motivation, memory, stamina, or a combination of such factors. One
explanation for Daisy’s improvement with treatment is that the task analysis removed the burden
of organizing and planning temporal components to executing the steps in her morning routine.
Many PCS individuals report that lowered activity tolerance and post injury fatigue impact their
ability to function (Anderson et al., 2006; King, 2003; Skau, et al., 2019). Within the task
analysis, there were scheduled break times. These may aid in a more graded approach to the
use of energy.
Results also showed a decrease in variability after treatment implementation. Daisy
reported already experiencing many PCS related symptoms hours before beginning her
morning routine. She reported symptom levels impacting her functioning to where it was difficult
to complete steps in the task analysis. In treatment, the number of hours per symptom was low
and minimally increased after task completion. Additionally, some covert symptoms such as
headache were reported to be present but to not impact day-to-day functioning, whereas other
symptoms such as fatigue made it difficult for Daisy to complete tasks. There was an immediate
decrease in symptoms present after treatment implementation.
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In the return to baseline phase, the only variable changed was the removal of the task
analysis. There was likely some carry-over effect of the breathing exercise training due to this
being a new learned behavior and the difficulty of measuring covert responding.
Behavior analysis research has largely focused on skill acquisition and behavior
reduction interventions (Heinicke & Carr, 2014), so this study extends beyond what is currently
published in the behavior analysis literature by examining methods of improving performance of
previously mastered tasks. These findings also align with previous research on self reported
data (Maki et al., 2008; Suffoletto et al., 2013).
Limitations
Several limitations should be noted. This study was partially conducted during a national
pandemic in which social distancing regulations prevented in-person contact with the
participant. Sessions could have been video recorded or the researcher could have had video
meetings with her; however, Daisy had financial and electronic limitations (e.g., no Wifi, limited
data cell phone plan). This prevented the opportunity to verify self-reported data with permanent
products and observation (e.g., chore completion, personal hygiene, overt PCS related
behavior). Some indirect evidence can be inferred by examining Daisy’s behavior during inperson interviews and phone check-ins. Specifically, Daisy engaged in overt behaviors (e.g.,
crying, stuttering, pausing, face touching, incomplete verbal answers) that suggest the presence
of covert PCS symptoms during interviews and trainings. During the phone check ins, though,
Daisy gave more concise and on-topic verbal responses compared with pre-intervention
interactions. Nevertheless, such anecdotal evidence is preliminary and cannot be taken as proof
of treatment effectiveness.
Another practical limitation included Daisy’s physical health. Some data was collected
with a second treatment condition, but the phase was terminated after a sudden onset of
medical issues. It was unclear if her reported symptoms were due to her brain injury or new
medical condition. She was discharged from the study for ethical purposes. Outside the scope
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of this study, Daisy did receive modified task analysis for other tasks (e.g., grocery shopping,
going to the car, and going inside from the car) that had been targeted for intervention.
Finally, this study only included one participant. One potential issue could have been
with the recruitment message. Many PCS individuals cannot complete day-to-day tasks without
modifications (Anderson et al., 2006). The recruitment message failed to mention that the study
would incorporate the individual’s existing routine, which could have deterred other interested
individuals from volunteering to participate in extra activities, as additional stimuli or activity can
aggravate PCS symptoms (Valovich McLeod, 2010).
Future Research
This was the fist study of the researcher’s knowledge to use this treatment package to
help moderate PCS symptoms. Further research could replicate procedures with other PCS
individuals. Other unknown areas are assessing environmental variables with this population.
Perhaps a molar approach to a functional analysis could be explored (e.g., testing how sound,
light, or movement impact PCS symptoms and for how long).
Other areas for future researchers could be shaping or differential reinforcement
techniques to increase activity tolerance levels. One study used a token economy to decrease
academic response latency (Heinicke et al., 2009). Perhaps future research could explore
teaching PCS individuals how to discriminate behaviors that signal the need for a break before
covert or overt symptoms begin to impact functioning. Future research could also investigate
how shaping procedures impact activity tolerance. Many PCS individuals continue to struggle
for one year or longer to return to pre-injury work and leisure activity levels (Anderson et al.,
2006). Some struggle with tasks most take for granted, as seen in this study (e.g., reading a list
of steps on white paper). Wilson et al. (2015) used a multiple stimulus without replacement
(MSWO) to rank avoided activities with one male. Systematically testing non-tolerated activities
for PCS individuals could potentially provide meaningful information to practitioners for
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treatment recommendation. This might include manipulating one variable at a time (e.g., light
magnitude) across several days or weeks. Further research in this area is recommended.
Future researchers interested in expanding the literature on mTBI/PCS individuals
should keep in mind the length of time involved. Many PCS individuals require more time to
complete tasks, so treatment will likely take months to years. Many times Daisy same day
canceled treatment sessions due to PCS-related symptoms. These same day cancelations did
not put her at risk for termination of this study, however, same day cancelations or no shows
may lead to treatment termination from other practitioners. PCS symptoms may impede on
treatment itself. It is important to account for minute details when it comes to PCS patients.
Reading a checklist on single spaced white paper may elicit those physiological responses.
Future researchers should keep in mind these small details initially and how to fade these back
to stimuli the PCS patient will contact in the natural environment.
Conclusion
This study provides preliminary proof-of-concept for the use of a behavioral treatment
package to reduce symptoms and improve task performance in individuals with PCS. The task
analysis removed the cognitive task of organizing and planning steps to the participant’s
morning routine. Even though she performs this routine daily and can verbally tact the steps,
Daisy could not independently execute the steps relating to herself. The use of breaks likely
helped disperse mental, physical, and emotional energy across longer periods of time. Overall,
she succeeded in more overt tasks after treatment implementation.
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Appedix A
Figures
Figure 1
Breathing Exercise Visual

Note. Graphic depics the stimuli and steps for the breathing exercises

28
Figure 2
Morning Routine Handout

Note. Handout the participant received after BST
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Figure 3
Medication Step

Note. Image depicts an example of one step in the morning routine TA. Each step showed a
clipart photo with simplistic directions.
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Figure 4
Average Weekly Symptom Questionnaire

Note. Graph depics the average days and hours per day with symptoms per a week. A =
Baseline; B = Treatment package; A’ = Return to baseline
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Figure 5
Average Symptom Change During Sessions for PCS Treatment Package

Note. Graph shows an average change in hours with symptoms and hours of impacted daily
functioning. A = Baseline; B = Treatment package; A’ = Return to baseline
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Figure 6
Daisy’s Morning Routine

Note. Graph shows percent of steps correct, break frequency, and chore frequency related to
Daisy’s daily morning routine. A = Baseline; B = Treatment package; A’ = Return to baseline
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Appendix B
Treatment Strategy for Individuals with mTBI Informed Consent
You are invited to participate in a research study regarding strategies for individuals with mild
traumatic brain injury (mTBI) or post concussive syndrome (PCS). You were selected as a
possible participant because you responded to a recruitment ad for the study. This research
project is being conducted by Kristen Tyler to satisfy the requirements of a Master’s Degree in
applied behavior analysis at St. Cloud State University.
Background Information and Purpose
The purpose of this study is to explore the impact of an additional support after completing
treatment related to your mTBI/PCS.
Procedures
If you decide to participate, you will meet with the researcher one hour per week for up to 25
weeks at a predetermined location. The location depends on what goal we decide to target. For
example, if the target goal includes sweeping the kitchen floor, we would meet at your home. If
the goal is grocery shopping, we would meet at your preferred local grocery store.
Risks
This study does not foresee any potential risks.
Benefits
Potential benefits from this study include the possibly of decreasing mTBI/PCS related symptom
when working towards your target goal.
Confidentiality
Data collected will remain confidential. Only the researcher and approved research assistants
will be present during training sessions. No identifying information will be released without a
signed release of information by the participant witnessed by the researcher. All data collected
will be coded with your unique participant number. All participants’ identifying information will be
kept confidential. To prevent identification of research participants, any informed consents will
be stored separately under lock and key from data collected during sessions. Electronic data
collected will be stored on a password protected device. You will have an opportunity to review
the portion of the final paper regarding your data and withdraw comments prior to publication.

Research Results
At your request, I am happy to provide a summary of the research results when the study is
completed.
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Additional Information
If you need additional resources, St. Cloud offers a few local programs: Project Brain Safe
(https://brainsafemn.com/) and Minnesota Brain Injury Alliance (http://www.braininjurymn.org/).
Any additional questions, please ask your referring physician.
Contact Information
If you have questions right now, please ask. If you have additional questions later, you may
contact me at kjesch@go.stcloudstate.edu or my advisor, Dr. Michele Traub, at
mtraub@stcloudstate.edu. You will be given a copy of this form for your records.
Voluntary Participation/Withdrawal
Participation is voluntary. Your decision whether or not to participate will not affect your current
or future relations with St. Cloud State University, the researcher, any cooperating professor, or
organization/group. If you decide to participate, you are free to withdraw at any time without
penalty.
Acceptance to Participate
Your signature indicates that you are at least 18 years of age, you have read the information
provided above, and you have consent to participate. You may withdraw from the study at any
time without penalty after signing this form.

Print name: _____________________________________________________

Signature: ____________________________________ Date: _____________

Your signature below indicates your consent for the researcher to use the data collected as a
part of this study in academic teaching, conference presentations, or peer-reviewed publication.
Your identity will be protected by assigning a pseudonym (fake name) and removing any
identifying information from presentations and publications. Your choice will not impact your
ability to participate in the study.

Signature: ____________________________________ Date: _____________
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Appendix C
Additional Observers Permission
You are receiving this form, because you agreed to participate in a research study conducted by
Kristen Tyler to fulfill her thesis requirements in pursing a master’s in applied behavior analysis
at St. Cloud State University. In order to fully understand your needs, sometimes those close to
you (e.g., significant other, friends) could provide helpful information related to your brain injury.
This could be from interviewing them or asking them to collect data when the researcher is not
present.
Any information obtained will remain confidential. All identifying information will be stored
separate under lock and key from data collected during sessions. Your decision does not affect
your opportunity to partake in the research study. You may revoke this permission contract at
any time.
I _______________________ give _______________________ permission to speak with
Kristen Tyler regarding collecting relevant information to the study.
I _______________________ give Kristen Tyler permission to train ______________________
on collecting data related to the study at hand.
☐ I do not want family or friends to contribute to the study
☐ I give permission for family or friends listed above to contribute to the study
Sometimes affiliated individuals with the study will be present to observe your sessions to
collect data.
☐ I give permission for affiliates to the study to observe and collect data regarding my sessions
☐ I do not want any affiliates to the study to observe and collect data regarding my sessions

____________________________________________________________________________
Signature
Date

____________________________________________________________________________
Print Name

____________________________________________________________________________
Researcher’s Witness Signature
Date
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Appendix D
Background Questionnaire
Participant number: _________
Date: ________________________

1. Age

2 Approximately how many miles do you live from the SCSU campus?
>1 Mile

1-5 Miles

5-10 Miles

3. When did the accident occur?

4. Briefly describe how your head injury occurred.

5. What is your official diagnosis?

6. Current symptoms?
☐ Aggression (physical, verbal)
☐ Balance issues
☐ Confusion
☐ Convergence disorder
☐ Cognitive delay
☐ Dizziness
☐ Fatigue (emotional, mental, and physical)
☐ Headache
☐ Migraine
☐ Mood swings
☐ Nausea
☐ Numbness/tingling
☐ Light sensitivity
☐ Poor attention/concentration
☐ Poor memory
☐ Poor word recall
☐ Sound sensitivity
☐ Speech (slurring, stuttering)
☐ Vomiting
☐ Other: _________________

11-15 Miles

16+ Miles
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7. What treatments have you tried? Discharge dates?
Treatment
☐ Medication management
☐ Neurology
☐ Occupational therapy
☐ Physical therapy
☐ Vision therapy
☐ Other:

Discharge Date

8. What common activities do you struggle to complete (e.g., grocery shopping, chores)? How
would you say that you struggle doing these?

9. What typically triggers your symptoms?

10. What do you do when you are symptomatic?

11. Do you have warning signs before you become symptomatic?

12. What does a typical weekday/weekend look like for you?

13. What happens if you do extra activities in addition to your usual activities?

14. What happens if you do less than your usual activities?
15. Are you currently working? ☐ Yes ☐ No
How many hours per week? __________
16. Are you on doctor restrictions? What additional accommodations do you need?
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Appendix E
Qualtrics Weekly Symptom Survey
Hello! You received the link to this survey, because you are participating in a research study
conducted by Kristen Tyler. If you no longer wish to participate, please close this page on your
browser and directly contact Kristen (kjesch@go.stcloudstate.edu).
The following questions will ask you about your symptoms related to your head injury in the past
7 days.
Rate your symptom by the number that best represents your symptoms, where 0 is you have
not experienced the symptom and 5 is you experience the symptom constantly every day.
0

1

2

3

4

Never

Once

Couple days

Half the days

Once per day

5
Constant
Everyday

Rate how your symptom affects your daily functioning by circling the number that best
represents your symptoms, where 0 is you have not experienced the symptom and 5 is you
experience the symptom constantly every day.
0

1

2

3

N/A

Does not
affect daily
functioning

Somewhat
affects daily
functioning

Difficult to
perform daily
activities

4
Impairs daily
functioning at
least 8 hours
per day

5
Impairs daily
functioning
12+ hours per
day

Note. Each Likert-type scale question was asked individually for the following sypmtoms:
aggression (physical, verbal), balance issues, confusion, convergence disorder, cognitive delay,
dizziness, fatigue (emotional, mental, and physical), headache, migraine, mood swings, nausea,
numbness/tingling, light sensitivity, poor attention/concentration, poor memory, poor word recall,
sound sensitivity, and speech.
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Appendix F
Qualtrics Session Symptom Survey
Hello! You received the link to this survey, because you are participating in a research study
conducted by Kristen Tyler. If you no longer wish to participate, please close this page on your
browser and directly contact Kristen (kjesch@go.stcloudstate.edu).
The following questions will ask you about your symptoms related to your head injury in the past
12 hours.
Rate your symptom by circling the number that best represents your symptoms, where 0 is you
have not experienced the symptom and 5 is you experienced the symptom constantly for all 12
hours.
0
Never

1
Less than 1
hour

2

3

4

5

1-3 hours

3-6 hours

7-11 hours

12 hours

Rate how your symptom affects your daily functioning by circling the number that best
represents your symptoms, where 0 is you have not experienced the symptom and 5 is you
experienced the symptom constantly for all 12 hours.
0

1

2

3

N/A

Does not
affect daily
functioning

Somewhat
affects daily
functioning

Difficult to
perform daily
activities

4
Impairs daily
functioning at
least 8 hours
per day

5
Impairs daily
functioning 12
hours per day

Note. Each Likert-type scale question was asked individually for the following sypmtoms:
aggression (physical, verbal), balance issues, confusion, convergence disorder, cognitive delay,
dizziness, fatigue (emotional, mental, and physical), headache, migraine, mood swings, nausea,
numbness/tingling, light sensitivity, poor attention/concentration, poor memory, poor word recall,
sound sensitivity, and speech.
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Hello! You received the link to this survey, because you are participating in a research study
conducted by Kristen Tyler. If you no longer wish to participate, please close this page on your
browser and directly contact Kristen (kjesch@go.stcloudstate.edu).
The following questions will ask you about your experiences participating in Kristen’s study.

